In this letter we report the direct perturbative QCD evaluation of twist-4 effects in diffractive DIS. They are large and have a strong impact on the Q 2 dependence of diffractive structure functions at large β. Based on the AGK rules, we comment on the possible contribution from diffractive higher twists to ∝ 1 Q 2 corrections to proton structure function at small x. These corrections to the longitudinal structure function F L may be particularly large.
The direct calculation of higher twist corrections to the proton structure function (SF) remains one of challenges of perturbative QCD (pQCD) description of inclusive deep inelastic scattering (DIS) ( [1, 2] , for phenomenological estimates based on departures from the DGLAP evolution see [3] ). In a striking contrast to inclusive proton SF, twist-4 (T4) corrections to diffractive SF, F D(3) i (x IP , β, Q 2 ), (i = L, T ), are genuinely short distance dominated [4, 5] and thus calculable from the first principles of pQCD. Furthermore, they are strongly enhanced by the gluon SF of the proton squared [6] , F are standard diffractive DIS variables and G(x, Q 2 ) = xg(x, Q 2 )). For instance, for β ∼ > 0.9, the twist-4 longitudinal diffractive SF was found to be comparable to, and even exceeding, the leading twist-2 (T2) transverse SF over a broad range of Q 2 , making questionable [6, 7, 8, 9] applications of the standard DGLAP evolution to diffractive SF.
In this letter we extend our early analysis of twist-4 longitudinal diffractive SF [6] to similarly enhanced twist-4 contribution to the large-β transverse diffractive SF 2 . It enters , which completes the evaluation of driving twist-4 terms in
. We compare our results with the H1 experimental data on F D(3) 2 [11] . Based on a connection between diffractive DIS and unitarity corrections to the proton SF suggested by the Abramovski-Gribov-Kancheli (AGK) rules [12, 13, 14] , we evaluate the unitarity-driven diffractive twist-4 corrections to the small-x proton SF, which is potentially very large in the proton longitudinal SF F L .
The underlying pQCD subprocess for diffractive DIS at large β is the excitation of theFock states of the photon γ * p → Xp ′ , where X =[5] . The relevant pQCD diagrams are shown in Fig. 1 . In what follows, z and (1 − z) are the fractions of the (light-cone) momentum of the photon carried by the quark and antiquark, respectively, k is the relative transverse momentum in thepair,
is the invariant mass of the diffractive system, p ⊥ is the (p,p') momentum transfer and t = − p ⊥ 2 . The contribution of excitation of one open flavour of electric charge e f (in units of the electron charge) and mass m f to transverse (T) and longitudinal (L) diffractive SF's for forward diffraction dissociation is calculable in terms of the helicity amplitudes Φ 1 and Φ 2 introduced in [5] :
The advantage of forward diffraction is that the SF F 
Using Eqs. (2) [4, 5, 6] and at large Q 2 one finds the higher twist 4 .
where
and for quick estimates to a logarithmic accuracy,
For the separation of the transverse SF F D(4) T into the twist-2 and twist-4 components, we notice that
which defines the decomposition
4 We emphasize that in this paper we focus on β ∼ 1. As it has been shown in [17] , at β ≪ 1 , dominated by the qqg excitation, the longitudinal diffractive SF is twist-2 and R = σ L /σ T ≈ 0.2, in close similarity to inclusive DIS [20] .
Notice, that the large-k 2 behaviour of the integrand of the the twist-4 transverse SF F
, it is pQCD calculable, and for large Q 2 , well above the charm threshold, we find
In contrast to that, the twist-2 transverse SF is dominated by
(we suppress in (12) terms containing extra factors [m
Still, for heavy flavours and/or sufficiently small (1 − β), the pQCD scaleQ 2 is large, one is in the legitimate pQCD domain and to a logarithmic accuracy,
. (13) Both terms, ∝ Φ , n ≥ 1, to the above defined twist-2 SF. These corrections are logarithmically weaker than the genuine twist-4 transverse SF (11) and for this reason, we do not separate them.
Evaluating the twist-2 transverse SF at not so large β, one needs a model for the small-Q 2 behaviour of the unintegrated gluon structure function f (x, Q 2 ). Because of cancelation of soft gluon radiation from different quarks in the colour singlet nucleon, f (x, Q 2 ) vanishes at
where G 2 (Q, −Q) is the two-quark form factor of the nucleus, G(0, 0) = 1. For harder gluons one must interpolate between the form (14) and any convenient parameterization for G(x, Q 2 ), for instance, the GRV NLO parameterization [22] :
For a similar soft Q 2 parameterizations see Ref. [18] . The GRV formulas hold only for
We choose the parameters
2 , N = 1 so as to reproduce the colour dipole cross section [23] . This way, our results for diffractive DIS are very close to those found in the colour dipole model [17, 7] . For the quark masses we take m c = 1.5 GeV, m s = 0.3 GeV and m u,d = 150 MeV as in [17] . For light flavours, Eq. (13) in DIS corresponds to β ≪ 1. This prediction has been confirmed by the first data from the ZEUS LPS: [24] and B d = 7.7 ± 0.9 ± 1.0 GeV −2 in real photoproduction [25] . For the numerical calculation of the twist-2 transverse SF we will use the results of Ref. [9, 26] , where it has been calculated that B d (T 2) ≈ B 3IP for β → 0, it rises by ≈ 50% reaching a maximum at β ∼ 0.5, then drops back to B 3IP at β ∼ 0.9, has a sharp minimum at β → 1 and ends up at
in the exclusive limit of vector meson production. For the short-distance dominated twist-4 SF's only the proton size contributes to the diffraction slope B d and, consequently, we will use B d (T 4; β) ≈ B 3IP [9, 26] .
For comparing the large-β behaviour of the twist-4 and twist-2 contributions to the transverse SF at large β, it is sufficient to use the logarithmic approximation, in which
The rise of this ratio ∝ and, as a minor effect for β > 0.9, by the decrease of B d (T 2; β) with β → 1 as it was found in [26] .
If
SF's enter in the combination
To the leading LogQ 2 approximation, one readily finds
and the overall twist-4 contribution is dominated by the the positive valued F
D(3) L
for β beyond the crossover points, β > β + or β < β − , and by the negative valued F
D(4) T (T 4) in between,
and β + = 0.79 for ǫ L = 1. Because the subleading contributions F
D(3) L
become larger as β decreases, cf. Eqs. (3) and (3), the crossover is shifted to β + ∼ 0.65.
In Fig. 2 we show our results for F (where one has a large penetration into the low-k 2 region) a conservative estimate for the accuracy is ∼ 20-30% [17] .
It is interesting to comment on the possible impact of diffractive higher twist on the proton SF at small x. The experimentally observed small-x growth of the proton structure function can not go indefinitely without running into conflict with the unitarity. In general, one can decompose the experimentally measured proton SF into the Born, alias the DGLAP, component and the unitarity correction [13, 14] :
The standard DGLAP evolution, which is linear in parton densities, is strictly applicable only to the non-unitarized SF F 2 (DGLAP ; x, Q 2 ). The unitarization of the proton SF is one of the open non-perturbative problems. The AGK rules suggest (i=T,L,2) [12, 13]
where x max =0.05-0.1 is the threshold for diffractive DIS. We are interested in the twist-4 component of the unitarity correction coming from the diffractive twist-4 component ofexcitation. Because the integral (20) is dominated by the contribution from β ∼ 0.5, one can put β = 0.5 in the scaling violations factor (7) and take it out of the integral (20) . Then, after little algebra, one finds
which does not depend on x max as soon as x ≪ x max . It is convenient to present the diffractive twist-4 effects as the correction factor (1 −
4,i
Q 2 ) to the leading-twist structure function. Our results for the so defined Q 2 4,2 are shown in Fig. 4 . We find that Q 2 4,2 rises with decreasing x and increasing Q 2 , but it is relatively small because of the strong cancelation of the longitudinal and transverse twist-4 contributions. It is interesting to notice that diffractive twist-4 correction to the longitudinal structure function of the proton is much larger,
where we use R = σ L /σ T ≈ 0.2 [20] (for an indirect experimental estimates see [27] ).
Of course, the above estimated diffractive higher twist from diffractive DIS at large-β is only one of the many possible sources of twist-4 corrections to the proton structure function at small x. We focused on it for the reasons that it is parameter-free calculable in pQCD, is enhanced by the gluon structure function of the proton squared and receives a substantial contribution from the heavy flavour excitation. At the moment, one can not exclude that a comparable contribution to Q 2 4,i will come from the small-β diffraction.
Summary and Conclusions.
We have presented the calculation of the Born approximation for the higher twist-4 corrections to the transverse diffractive structure function of the proton. It is similar to the longitudinal diffractive structure function which to the Born approximation is entirely twist-4. Both twist-4 diffractive structure functions are short-distance dominated and are perturbatively calculable. Their contribution to the diffractive structure function is large and dominates is parameter free, such a correction of the diffractive structure function must not cause any ambiguities.
Taking for guidance the AGK rules, we also evaluated the impact of the diffractive twist-4 to the twist-4 terms in the proton structure function. The estimate (22) serves as an warning that diffractive twist-4 corrections to small-x longitudinal structure functions of the proton can be surprisingly large.
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